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Minimising Take-all



Take‐all disease of wheat

• Gaeumannomyces graminis var. 
tritici (Ggt)

‐ ascomycete soil borne fungus

‐ related to rice blast fungus
Magnaporthe oryzae (previously 
M. grisea)

Seminal root

Crown root

Ggt infected wheat seedling



Runner hypha

A Ggt infected seminal root

Take‐all lesion



Typical take‐all patch showing stunting and premature ripening of the crop 



Talk Outline

Diploid wheat
- phenotyping via pot bioassay and field trials

- mapping populations

Hexaploid wheat – Watkins / Gediflux collections
- field evaluations

- results so far / future plans 

Hexaploid wheat – inoculum build-up in 1st wheats



T. monococcum domesticated from T. boeoticum

Heun  et al., 1997. Science 278(5341): 1312-1314.

Karacadag mountain



Gill et al. (2004) Genetics 168: 1087–1096

Origin of bread wheat
T. monococcum AmAm

Sexual gene transfer



The Pot Take-all Bioassay –
Two standard methods

• Collected field soil-crumble to an even texture, with large 
stones removed, stored in a cold room until required.

• Two experimental set-ups
1. Fill pot fill with 50cc of moist sand, 300g of naturally 
infected soil, sown with 10 seeds evenly over the soil 
surface and covered with horticultural grit. 
2. Artificial inoculum addition - shake 300g of ‘naïve’ 
soil with 50g of dilute inoculum in a plastic bag, transfer 
to bioassay pot. (inoculum = sand/maize meal cultures, 
10 different isolates, including both A and B types, 
mixed together)

Min. 5 reps – total of 50 seeds
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Take-all Assessment of field 
experiments

Whole plant root systems are assessed in a white dish under 
water and the proportion of roots affected by the disease are 
graded as follows:
Slight 1: 1 – 12%;  Slight 2: 13 – 25%;  Moderate 1: 26 – 50%      
Moderate 2: 51 – 75%;  Severe >75%

Take-all Index (TAI) calculated by:
1 x %plants with slight 1; + 2 x %plants slight 2; + 3 x %plants moderate 1; 
+ 4 x %plants moderate 2; + 5 x % plants severe
Divide by the number of categories (5) ; Maximum index = 100 
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Field experiment 2008
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Field experiment 2008
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Summary of T. monococcum phenotyping results
via pot bioassay and field (2006 – 2008)

Resistance leads
MDR 31 MDR 286 MDR 229
MDR 46 MDR 217 MDR 232

MDR 218
MDR 280

Highly susceptible genotypes
MDR 43, MDR 37, MDR 2, MDR 24, MDR 308 (DV92),
MDR 650 (P1355520) 

- Genotypes used in an initial DArT marker analysis
with a new Triticarte diploid wheat focussed array



Triticarte - custom wheat array 

1536 clones derived from the two T. monococcum
accessions

2304 clones derived from hexaploid wheats 
(including the Triticarte Wheat 2.3 array)

1536 clones derived from tetraploid durum wheat 
(including the Triticarte Durum 2.0 array)

1536 clones derived from 15 Iranian accessions of 
other Triticum species with genomes homologous 
to the A-genome of bread wheat (Ali Mehrabi, unpublished)

Jing, Bayon, Kanyuka, Berry, Wenzl, Hunter, Kilian and Hammond-Kosack (2009)
Theoretical and Applied Genetics (under minor revision) 



DArT marker and PCA analysis of T. monococcum accessions 
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T. monococcum mapping populations

New crosses 2009
Resistant
MDR031
MDR046
MDR217
MDR229

Susceptible
MDR043
MDR037- very early flowering, very tall

MDR002 – very late flowering

MDR308
MDR024
MDR650



T. monococcum mapping populations

Existing F2 populations  (sown 03-02-08) 

MDR037 x MDR046  (R)

- To phenotype 100 F3 lines using the pot bioassay

Next steps

- To progress both populations to the F6 generation
using single seed descent, then re-phenotype
(~300 lines for each popn) 

MDR037 x MDR229  (R)

Awn colour / height  

Awn colour 
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The A. E. Watkins hexaploid wheat collection

Recently resurrected at JIC by Simon Orford within
the WGIN project 

Full details - May 2008 WGIN Newsletter

1930’s world wheat collection (local markets)

~ 740 accessions - genetically purified and 
sufficient seed available in Sept 2007 



Autumn 2007







The harvested roots – August 2008 

severe  
infection

light
infection

root drying 

Stored at room temp prior 
to assessment in a white tray 

filled with water



Hereward - Extra 20 plots - mean TAI = 45.3

5 control blocks
Variety         TAI
Hereward    35.6
Triticale       18.4
Rye               1.7
Oats              0.0

Watkins Experiment 2008 RRes Take-all severity - control plots

0-5
6-15
16-25
26-35
36-45
46- 55
> 55

TAI

Mean of all plots 
Hereward = 43.4

N = 800 plots

Alpha design



Watkins collection 
2008 Take-all / eyespot assessments

• Still to be assessed: 120 of the 740 lines

• Initial findings suggest that 226 lines (36%) can be  
omitted due to susceptibility to Take-all.

• A further 85 lines may also be discarded once the 
stats is completed

A minimum of 309 lines to re-evaluate in trial year 2  



Watkins collection – 2008 Eyespot assessment

Total  number  
of straws

No. of straws  
with slight 
eyespot

No. of straws 
with 
moderate 
eyespot

No. of straws 
with severe 
eyespot

1677 661 432 361

% infected 39.4 25.8 21.5

%  Total straws infected                                      86.7

% Straws with Moderate + severe infection        47.3

Number of Watkins lines to date showing moderate  
to good resistance to eyespot = 85  of 620 (14 %)

Table shows number of straws assessed for the hexaploid controls
(5 varieties x 5 replicates)



Watkins collection assessment 2008 - 2009 
Identical experimental alpha design with the 740 lines 

Fungicide treated for eyespot 

Third wheat situation – Take-all visible on roots since April 

- No eyespot assessments 
No assessment of the discarded Take-all susceptible lines
(at least 226 lines less) 

A core of putative ‘resistant’ lines plus the  ‘escapes’
due to the patchiness of disease development 

Anticipated outcomes
Faster turn-a-round of the data

Assessing for floral diseases – in progress 



Hereward - Extra 20 plots - mean TAI = 45.3

5 control blocks
Variety         TAI
Hereward    35.6
Triticale       18.4
Rye               1.7
Oats              0.0

Disease escape lines present in the low Take-all patches

0-5
6-15
16-25
26-35
36-45
46- 55
> 55

TAI

Mean of all plots 
Hereward = 43.4

N = 800 plots

Alpha design



309 lines with promising results from the 2008 trial 
X from 120 lines still to be assessed
Y from 85 lines – arising from the stats
Z new lines with seed now available (S. Orford)

~ 600 lines 

Watkins / Gediflux collections assessment 
2009 - 2010 

Watkins

Gediflux collection



Results Summary

• Soil pot bioassay can be used to identify likely sources of 
resistance/tolerance to take-all but inoculum 
concentration critical i.e. below 50% root infection.

• No evidence of new root proliferation associated with the 
low disease scores in either T. monococcum or T. 
aestivum

• T. monococcum resistance phenotypes benchmark 
between triticale and rye

• Association genetics in  T. monococcum is giving 
promising results
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Take‐all inoculum build‐up
WGIN diversity trials – 1st wheats after oats

• 2004 onwards - WGIN trials - 200kg N plots only

‐ Soil bioassay used to measure inoculum build‐up
‐ Range of hexaploid wheat varieties
‐ Large plots 10 m x 3 m
‐ 5 random cores per plot taken soon after harvest



SOIL BIOASSAY    

1. Soil core taken angled underneath row 2. Core inverted into plastic cup

3. Ten wheat seeds (cv Hereward) sown 4. Growth room for 5 weeks



Soil core 
bioassay 
plants

Take‐all 
lesions



Take-all infectivity of the soil after different winter wheat 
varieties (2008/R/WW/816)

d.f. 46
F Pr 0.262 
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Variety  2004 2006 2007 2008
Overall 
ranking

Cadenza 1 2 1 1 1.25

Xi19 7 1 2 2 3

Riband 5 4 4 3 4

Mercia 3 5 3 6 4.25

Monopol 6 7 5 4 5.5

Avalon 2*  6 8 5 6.33

Soissons 8 3 6 9 6.5

Malacca 4 9 7 7 6.75

Hereward 9 8 9 8 8.5

1 = low 9 = high          SED= 0.781   Wald Statistic= 22.01    F pr= 0.009 

Take-all infectivity of the soil



The influence of wheat genotypes on Take-all inoculum 
build-up in 1st wheats 

1. Manuscript in preparation for Plant Pathology 

2. Evaluating the new WGIN NUE diversity trial series 
(2009 onwards) 

Immediate follow-up

3. Evaluating the entire Avalon x Cadenza DH mapping
population

4. The new take-all inoculum build up (TAB) trial
(46 genotypes) 



Many thanks to….. 
Wheat Pathogenomics 
Team (RRes)

Richard Gutteridge
Sanja Treskic
Vanessa McMillan

Hai-Chun Jing BAB Dept
Statistics
Sue Welham 
Rodger White

Watkins Exp.
Simon Orford
Elke Anzinger

The Triticarte team



January 2009

WGIN  2008
Take-all 
T. monococcum trial



JIC WGIN 2 Team



Development of Near Isogenic 
Lines



Near Isogenic Line development
-Example of strategy for 3A height 

WGIN1 WGIN2



2A 2D 3A

6A4D 6B

QTL F1 BC1 BC2 Homozygotes

2D

3B

5A

7B

7D

Near isogenic line development- Yield



2A 2D 3A

6A4D 6B

QTL F1 BC1 BC2 Homozygotes

2A

2D

3A

3B

6A

6B

Near isogenic line development- Crop height



2A 2D 3A

6A4D 6B

QTL F1 BC1 BC2 Homozygotes

1B

1D

6B

Near isogenic line development- Ear emergence



Gamma mutagenesis



Gamma M2 mutants: CS left 
Paragon right
Frequent flag leaf rolling

"And he gave it for his opinion, that whosoever could make two ears of corn 
or two blades of grass to grow upon a spot of ground where only one grew before, 
would deserve better of mankind, and do more essential service to his country, 
than the whole race of politicians put together." 
— Jonathan Swift (Gulliver's Travels) 

http://www.goodreads.com/author/show/1831.Jonathan_Swift
http://www.goodreads.com/book/show/2181473.Gulliver_s_Travels


Gamma M2 mutants:
CS bagged left (2500) sown). Paragon (2000 sown) currently bagging right
50% fertility rate expected



Taking Paragon EMS alleles 
forward



Mutant x Spring cultivars: F2 families
12 families – segregations of mutant types height, flowering, leaf senescence 
and biomass

Tagging plants by visiting students for
DNA collection and trait scoring

Leaf senescence seg



Paragon mutants in Hege 80s
Left – flowering time differences (first two plots) Right – leaf senescence



Populations



Ten AE Watkins x Paragon SSD 
populations- now at F3

• Extremes- height and ear emergence

• More to come eg- Thousand grain weight, 
grain length and grain width measured on 
1100 Watkins lines

• Also 2 SSDs Paragon X CS and JIC 
synthetic up to F4.



Avalon x Cadenza workshop
• When 29th Oct or 5th Nov

• Where?

• JIC continues to maintain stocks



Handling data

• Development of relational database as 
core resource at JIC

• Propose to link version containing WGIN 
data to WGIN website











New WGIN Website
www.wgin.org.uk

http://www.wgin.org.uk/


New WGIN Website
• Streamline format for easier navigation and information access
• Design is based on the OREGIN website, the design has kindly been

provided by Pierre Carrion, web designer for OREGIN



Old WGIN Website



•Annual reports to Defra will be posted on the website
•Specific page for related projects
•Specific page for subcontractor projects
•Specific pages for datasets on mapping and markers
•GANTT charts and  milestones for each research objective

Additional information 
on the new website

Accessing information from 
WGIN 2003‐ 2008

•Link to old website on the Homepage
•Specific cross links to results, newsletters etc. 



Recent Updates

Old Website



About Section

Essential Information on WGIN and links to related projects



Information  Section
Detailed information on all activities



Resources  Section
Research results, datasets, experimental tools and germplasm resources 



Stakeholder  Section



Related Projects
About section



Research Objectives
Information  section



Management Meetings
Information section



Technical Links



Subcontractor Projects
Current location: 

http://www.wgin.org.uk/WGIN_2/information/subcontractorprojects.php

http://www.wgin.org.uk/WGIN_2/information/subcontractorprojects.php


Subcontractor Projects

Required application details:

•Name
•Organisation
•Address
•E‐Mail
•Short CV:
•Background of proposed project
•Brief Workplan
•Relevance of WGIN objectives
•Start and finish date
•Estimated cost (Breakdown in salaries,
other expenses and VAT)



Keeping the website up to date 
requires ongoing input of researchers

•New and updated datasets
and any other results

•Outreach activities
•Any publications
•Useful links

Please send any information on the 
above to elke.anzinger@bbsrc.ac.uk or 
to wgin.defra@bbsrc.ac.uk

mailto:elke.anzinger@bbsrc.ac.uk
mailto:wgin.defra@bbsrc.ac.uk


Feedback and Suggestions

If you have feedback on the website 
please send it to 

elke.anzinger@bbsrc.ac.uk

mailto:elke.anzinger@bbsrc.ac.uk


A big thanks to Pierre Carrion 
who provided the design for 
the new WGIN website.
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